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ABSTRACT - Vector Control (VC) schemes are increasingly used in Induction Motor (IM) drive systems 
to obtain high performance. However, in order to implement the vector control technique, the induction 
motor speed information is required. Different speed sensors are used to detect the speed. But in most 
applications, speed sensors have several problems. These problems are eliminated by speed estimation by 
using different speed estimation algorithms. Out of which, Model Reference Adaptive System (MRAS) 
techniques are one of the popular methods to estimate the rotor speed due to its good performance and 
simplicity. In this paper, the induction motor with Rotor Flux based Model Reference Adaptive System 
(RF-MRAS) rotor speed estimator is designed and validated through MATLAB/SIMULINK software 
package. The results of simulations show that the performance of the speed estimation is very good under 
different operation conditions. 
 
Keywords: Induction Motor, Vector Control, Sensorless, Speed Estimation, Model Reference Adaptive System, Rotor 
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لاصلختسم- ملا مكحتلا تاططخم مدختستتىلاـعلا ءادلأا ىـلع لوـصحلل ىـثحلا كرـحملل ةدايقلا ةمظنأ ىف ديازتم لكشب ىهج .كـلذ مـغر و 
ـيفنت لـجأ نـمنقت ذىـهجتملا مكحتـملا ةـي ,عم بوـلطمةـفر ىـثحلا كرـحملا ةعرـس .م مدختـستج ةـفلتخم تاـس ساـيقلاةعرـسل . وـف نـكلى مـظعم 
تاقيبطتلام ،جاست لاةعرس  اهيدلنم ديدعلا لكاشملا. هذه نم ليلقتلا متي قـيرط نـع لكاشملا ريدـقت لاةعرـس بإمادختـس تاـيمزراوخ ةـفلتخم 
لريدقت ةعرسلا. اهنم ماـظن تاينقت ،ـعجرملا جذوـمنلاى ىـفيكتلا(MRAS)   ةدـحاو رـبتعت ىـتلانـم قرـطلا  ةعئاـشلاريدـقتل لاةعرـس لأ ًارـظن اـهئاد
 ديجلاةطاسبلاو .ىف  ،ةقرولا هذه ميمصت مت ىثحلا كرحملاعم  ماظن ىلعًاءانب راودلا وضعلا ضيفيعجرملا جذومنلا ىفيكتلا (RF-MRAS) 
لا ريدقتلةعرس,  اهنم ققحتلا متو نمللاخ جمانرب ةمزحMATLAB/SIMULINK  .جئاـتن ةاـكاحملا نأ نيـبت ءادأ لاةدـيج ةردـقملا ةعرـس ادـج 
ةفلتخملا ليغشتلا فورظ تحت . 
 
INTRODUCTION 
The induction motor has been gradually replacing 
the Direct Current (DC) motor in many 
applications due to its reliability, ruggedness and 
relatively low cost. Unfortunately, they have 
nonlinear dynamics, and for variable speed 
applications, they require advanced control 
schemes 
[1-3]
. Fortunately, however, using power 
electronics and fast Digital Signal Processors 
(DSP), the implementation of such advanced 
control techniques is now becoming practical. One 
of these techniques is the well known Field 
Oriented Control (FOC) or vector control. Field 
oriented control or vector control originated from 
the works of Blaschke and Hasse has become an 
industry standard for controlling induction motors 
in high performance drive applications 
[4, 5]
. By 
providing decoupling of torque and flux control 
demands, the vector control can navigate induction 
motor similar to a separately excited DC motor 
without sacrificing the quality of the dynamic 
performance 
[6-8]
.  
Traditionally, there have been two conventional 
methods thought which vector control is achieved: 
Direct Vector Control (DVC) and Indirect Vector 
Control (IVC). Both direct vector control and 
indirect vector control, has been successfully 
established in theory and practice. Indirect vector 
controlled induction motor drives are increasingly 
used in high performance systems due to their 
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relative simple configuration compared to direct 
vector control scheme which requires flux and 
torque estimators. However, the majority of these 
control strategies requires a perfect knowledge of 
the motor speed or position of its shaft, hence the 
use of sensor dedicated to measure these variables. 
The sensors include the search coils, coil taps, or 
Hall Effect sensors. The use of this sensor, 
nevertheless, implies more electronics, higher cost, 
lower reliability, and difficulty in mounting in 
some cases such as motor drives in harsh 
environment and high speed drives, increase in 
weight, increase in size, and increase in electrical 
susceptibility 
[9-12]
.  
To overcome these problems, in recent years, the 
elimination of these sensors has been considered 
as an attractive prospect. Therefore, many studies 
and intensive works have focused on research 
techniques avoiding the utilization of speed sensor, 
while maintaining a high level of performance. 
Indeed these techniques, called sensorless, are a 
challenge both technically and economically 
because they provide many advantages the most 
important being a lower cost, more compact drive 
system, less maintenance requirements, reducing 
measurement noise, elimination of the sensor 
cable, and increased reliability 
[13-16]
.  
Speed sensorless field oriented control methods of 
induction motor using speed estimation to replace 
speed sensor has been developed since 1980. 
Various techniques for speed estimation have been 
suggested such as MRAS, Luenberger Observer 
(LO), Kalman Filters (KF), Artificial Intelligence 
Techniques (AI), and Sliding Mode Observers 
(SMO). In theses techniques, speed is estimated 
using stator voltages and currents of the induction 
motor and this speed is used to compare the 
commanded one 
[17-22]
. Among different rotor 
speed estimation techniques, model reference 
adaptive systems schemes are the most common 
strategies employed due to their relative simplicity 
and low computational effort. Various model 
reference adaptive system schemes have been 
introduced in the literature based on rotor flux, 
back electromotive force, and reactive power. 
However, rotor flux based model reference 
adaptive system is the most popularly used 
conventional speed estimation scheme for 
sensorless induction motor drives 
[23-27]
. In this 
paper, the indirect vector control scheme using the 
rotor flux based model reference adaptive     
system designed and simulated using 
MATLAB/SIMULINK software package. A 
general scheme of the structure applied in this 
paper in order to estimate the speed of the 
induction motor as shown in Figure 1
[24]
. 
 
INDCTION MOTOR MODEL 
Under the assumptions of linearity of the magnetic 
circuit, equal mutual inductances, and neglecting 
iron losses, a three-phase induction motor model in 
the fixed stator d-q reference frame can be 
described as a fifth order nonlinear differential 
equations with four electrical variables (stator 
currents (ids, iqs) and rotor fluxes (ψdr, ψqr)), and 
one mechanical variable (rotor speed ωr) 
[28]
. 
 
Figure 1: Speed sensorless block diagram of indirect vector controlled induction motor with RF-MRAS 
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where Ls is the stator inductance, Lr is the rotor 
inductance, Lm is the mutual inductance, La is the 
redefined leakage inductance. Rs and Rr are stator 
and rotor inductance resistances, respectively. J is 
the moment of inertia of the motor, TL is the 
torque of external load disturbance, P is the 
number of pole, and Tr is the time constant of the 
rotor dynamics. From Equation (1) the rotor speed 
is a nonlinear output with respect to the state 
variables of the dynamical model. Therefore, it is 
difficult to control the rotor speed directly from 
control inputs vds and vqs. 
 
SPEED ESTIMATION USING RF-MRAS 
Several schemes have been proposed for speed a 
sensorless vector controlled induction motor, 
which implies the estimation of the speed from the 
only measurements of the stator currents and 
voltages. MRAS technique offer simpler 
implementation and require less computational 
effort compared to other methods and therefore the 
most popular strategies used for sensorless control. 
This technique is based on the comparison 
between the outputs of two estimators. The outputs 
of two estimators may be the rotor flux, back emf, 
or motor reactive power. However, RF-MRAS 
first introduced by Schauder is the most popular 
MRAS strategy 
[23-27]
. The schematic 
representation of RF-MRAS is shown in Figure 2 
[24]
.  
 
 
Figure 2: Block diagram of RF-MRAS 
 
In the RF-MRAS speed estimator, the state 
variable used is the rotor flux. Two models are 
used in the RF-MRAS approach. The model that 
does not involve the quantity to be estimated (the 
rotor speed) is considered as the reference model 
or the voltage model. The model which involves 
the quantity to be estimated is considered as the 
adaptive model or the adjustable model or current 
model. The output of the adaptive model is 
compared with that of the reference model, and the 
difference (error) is used to drive a suitable 
adaptive mechanism whose output is the quantity 
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to be estimated (the rotor speed). This is used to 
adjust the adaptive model. This process continues 
till the error between two outputs tends to zero. 
The adaptive mechanism can be a Proportional-
Integral (PI) controller, as used in this paper, or 
any other tool such as neural networks, fuzzy 
systems, or some other options. The adaptive 
mechanism should be designed to assure the 
stability of the control system. The reference 
model, usually expressed by the voltage model, 
represents the stator equation. It generates the 
reference value of the rotor flux components in the 
stationary reference frame from the monitored 
stator voltage and current components. The 
reference rotor flux components obtained from the 
reference model are given by 
[24]
: 
( )
( )
rd dsr
ds s ds s
m
rq qsr
qs s qs s
m
diL
v R i L
dt L dt
diL
v R i L
dt L dt
ψ
σ
ψ
σ
= − −
= − −
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The Adjustable model, usually represented by the 
current model, describes the rotor equation where 
the rotor flux components are expressed in terms 
of stator current components and the rotor speed. 
The rotor flux components obtained from the 
adaptive model are given by 
[24]
: 
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Finally, the adaptation scheme generates the value 
of the estimated speed to be used in such a way as 
to minimize the error between the reference and 
estimated fluxes. In the RF-MRAS scheme, this is 
performed by defining a speed tuning signal ε to 
be minmized by a PI controller which generates 
the estimated speed which is fed back to the 
adaptive model. The expressions for the speed 
tuning signal and the estimated speed can be given 
as 
[24]
. 
 ˆ ˆrq rd rd rqε ψ ψ ψ ψ= −                                           (5) 
ˆ ( )I
r P
K
K
p
ω ε= +                                             (6) 
where KP and KI are the proportional and integral 
constants respectively and “^” signifies the 
estimated value. 
 
RESULTS AND DISCUSSION 
In this section, simulation results are presented to 
evaluate the effectiveness of the proposed control 
scheme for different operating conditions such as 
low speed operation, high speed operation, 
variable speed command, and inversion of the 
speed. The software environment used for the 
simulation is MATLAB/SIMULINK software 
package. The parameters and data of the IM used 
for simulation procedure are listed in Table1 
[28]
.  
 
Table I: Parameters and data of the IM 
Parameters Values 
Number of phases 3 
Connection star 
Rated power  2.24 KW 
Line voltage 230V rms 
Line current  9 A rms 
Rated speed  1430 rpm 
Rated torque  14.96 Nm 
Rotor resistance, Rr  0.72 Ω 
Stator resistance, Rs 0.55 Ω 
Rotor inductance, Lr  0.068 H 
Stator inductance, Ls 0.068 H 
Magnetizing inductance, Lm 0.063 H 
Moment of inertia, J  0.05 kg.m
2
 
Viscous friction coefficient, B  0.002 Nms
-1
 
 
The MATLAB/SIMULINK block diagram of 
speed sensorless control of Indirect Vector 
Controlled Induction Motor (IVCIM) using      RF-
MRAS is shown in Figure 3.  
Low speed operation  
Figure 4 shows the behavior of induction motor 
speed estimation where the induction motor rotates 
at a constant low speed (50rad/sec) at noload. The 
simulation is performed for              10 seconds. It 
is seen that the actual (real) speed and estimated 
speed can track the trajectory of the reference 
speed very well with a little overshoot which is 
reasonable and no steady state error. Figure 5 
shows the speed error or estimated error 
(calculated from the difference between the real 
speed and the estimated speed). The peak speed 
error between estimated and actual speeds is 
within the range +5rad/sec and -1rad/sec.   
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Figure 3: MATLAB/SIMULINK block diagram of sensorless speed control of IVCIM using RF-MRAS 
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Figure 4: The real and estimated speeds at low speed 
 
High speed operation  
In this case, the performance of the proposed 
speed sensorless control algorithm is tested under 
high speed operation at noload. The command 
speed is assumed to be increased from zero to 
1000rad/sec under no torque load. The simulation 
is performed for 5 seconds.  The real and estimated 
speed responses are shown in Figure 6. It can be 
seen that there is a very good accordance between 
real speed and estimated speed without any steady 
state error. Figure 7 is speed error between 
estimated speed and real speed. The peak speed 
error between estimated and actual speeds is 
within the range +0.06rad/sec and -30rad/sec.   
Variable speed operation  
In this case, the performance of the proposed 
speed sensorless control algorithm is tested under 
variable speed operation. The simulation is 
performed for 10 seconds.  The speed command is 
50rad/sec for the first 2 seconds, followed by      
80rad/sec for the next 2 seconds, then 100rad/sec 
for the next 2 seconds followed by 50rad/sec for 
the last 4 seconds. The real and estimated speed 
responses are shown in Figure 8. It can be seen 
that there is a very good accordance between real 
speed and estimated speed. Figure 9 is speed error 
between estimated speed and real speed. The peak 
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speed error between estimated and actual speeds is 
within the range +4.4rad/sec and -1.98rad/sec. 
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Figure 5: The estimated error at low speed 
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Figure 6: The real and estimated speeds at high 
speed 
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Figure 7: The estimated error at high speed 
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Figure 8: The real and estimated speeds at variable 
speed 
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Figure 9: The estimated error at high speed 
 
Inversion of the speed   
Figure 10 presents the simulation result obtained 
for speed inverting from 80rad/s to -80rad/s under 
no torque load. The simulation is performed       
for 10 seconds.  Estimated speed, actual speed, and 
reference speed are shown in this figure. This 
figure indicates that the estimated speed tracks its 
real speed very closely in both the forward and 
reverse directions, and it is possible to verify the 
excellent behaviour of the proposed speed 
sensorless control algorithm. In fact, the 
waveforms depicted through this figure, prove the 
feasibility of the proposed speed sensorless control 
scheme. Figure 11 shows the speed error or 
estimated error. The peak speed error between 
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estimated and actual speeds is within the range     
+5rad/sec and -0.8rad/sec.  
 
CONCLUSIONS 
This paper addresses the problems of rotor speed 
estimation in sensorless indirect vector controlled 
induction motor drive based RF-MRAS scheme. 
The effectiveness of the proposed method was 
confirmed through MATLAB/SIMULINK 
simulation results in different induction motor 
operating conditions. Simulation results obtained 
show that sensorless speed control strategy based 
on RF-MRAS approach can be applied 
successfully in induction motor drives.  
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Figure 10: The real and estimated speeds with 
reversing speed reference  
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Figure 11: The estimated error  
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